Four amino and organic acids, L-arginine, L-glutamic (as amino acids), ascorbic and salicylic (as organic acids) solution applied as soil drench in three concentration levels to evaluate for nematicidal effects against root-knot nematode, Meloidogyne javanica infecting sugarbeet. Their effects on sugarbeet yield and its components and quality parameters were determined. All of the tested compounds reduced the number of juvenile larvae in soil, immature stages, mature females in root, final nematode population as well as reproduction factor, comparison to the check treatment. These compounds were mostly variable in their effectiveness in reducing nematode infesting or reproduction factor and enhancing plant yield and quality according to compounds type and concentration level used. Then, the percentage of reduction in nematode parameters or/and the increases in crop parameters increased by increasing the concentration level of each tested compound.
The ascorbic acid was more effective in reducing nematode fecundity, final nematode population and reproduction factor followed by salicylic acid, L-arginine acid and L-glutamic acid in a descending order. Also, the ascorbic acid component showed the best results in improving leaves, roots, sugar yields and quality parameters of sugarbeet in comparison with the other tested compounds. In comparing between the effects of both ascorbic acid and nematicide, Oxamyl on nematode development and reproduction factors as well as productivity of sugarbeet, the ascorbic acid recorded reduction in juveniles larvae in soil, final population number and reproduction factor with values of 76.3, 71.6% and 2.1 fold, respectively as well as increases in root yield and sugar yield with values of 65.73 and 126.51%, respectively, however, Oxamyl recorded reduction to 73.6, 77.3% and 1.9 fold in juveniles in soil, final population number and reproduction factor, respectively as well as increases to 68.09 and 124.12% in root and sugar yield, respectively.
The problems associated with nematicides application turned the workers view to focus on new strategies or use new safe components or chemicals for nematode management program. On the other hand, it was obvious from the obtain data, the
Introduction
The genus Meloidogyne, the root-knot nematode, is one of the major biological constrains around the world in most all types of crop plants and causes sever losses in the productivity of sugarbeet in Egypt (Gohar, 2003; Gohar and Maareg, 2005; Maareg and Hassanin, 1992; Maareg et al., 2005) . Chemical nematicides, due to their high availability and easy applicability, are generally preferred for their control; however, their excessive and continuous use was reported to have resulted in development of nematicides resistance, caused direct toxicity to predators, pollinators, fish and man, had adverse effects on soil health and environment, and cause poor soil health, fertility, productivity and pesticide residues in products. The problems associated with nematicides application turned the workers view to focus on new approaches that might be adopted to develop non traditional nematicides or use new safe chemicals for nematode management programs. Many research workers studied the effects of some amino and organic acids on plant growth and yield of many crops such as cowpea, soybean, sunflower and tomatoes, as well as their effects on reproduction and development of many nematode species like Helicotylenchus mannus, Heterodera rostochiensis, H. schachtii, Meloidogyne spp. and Rotylenchus renoformis (Osman, 1993; Al-Sayed & Montasser, 1986; Al-Sayed & Thomason, 1988; Al-Sayed, 1990; 1991; 1992; Hassan, 1999; Klessig et al., 2000; Nandi et al., 2002; Rohatgi, 2006 and Sirohi et al., 2008) .
The aim of this study was to evaluate the nematicidal of some amino and organic acids (as safe chemicals) against M. javanica infecting sugarbeet. Also, the effects of all treatments on sugarbeet yield and its components and quality were undertaken.
Material and Methods

Propagation of Meloidogyne javanica nematode stock culture
Heavily galled sugarbeet roots var. Helios were collected and carefully washed from the adhering soil particles with tap water. The eggmasses from the egglaying females which were previously identified as M. javanica were picked up from the infested roots and singly inoculated into soil planted with 45-days-old tomato seedlings (Lycopersicon esculentum L.) in 1 m 2 lysameters filed with stemsterilized sandy loam soil, and watered as needed regularly. The infested tomato roots which contained females with their eggmasses were used to renew the stock culture. The pure stock culture in this respect was prepared from infested tomato roots through extraction by the Baermann-pan technique according to Southey (1970) .
Inoculation procedures
In greenhouse experiments, the inoculation was achieved by pouring the second stage juveniles (J 2 ) water suspension into four holes (3-5 cm) depth around the sugarbeet root system which were immediately covered and mixed with soil. Each pot was inoculated with 2000 fresh J 2 at the fourth leaf stage seedlings.
Organic and amino acids tested
Two organic acids (ascorbic and salicylic acids) and two amino acids (Larginine and L-glutamic acids) were tested to their effects against M. javanica nematode infecting sugarbeet plants and their effects on plant yield components and quality parameters. These compounds were used as soil drench at the concentration levels of, 1000, 2000 and 4000 ppm (1, 2 and 4 g liter -1
) and carried out twice, the first time at the fourth leaf seedling stage and the second one a month later.
Nematicide, Oxamyl 10% G {N-N-dimethyl-2-methylcarbamoyl oxyimino -2-(methylthio) acetamide} was used as a comparable treatment with amino and organic acids tested. Mixed with soil at concentration levels of 1, 2 and 4 g pot -1 which were applied one time at the fourth leaf seedling stage.
Experimental design
The experimental soil was calcareous loamy sand with electrical conductivity (E. C) of 1.2 ds/ m, pH of 8.4, OM of 1.1%, CaCo 3 of 28.3%, soluble cations (Ca ++ 7.5, Mg ++ 1.7, Na + 9.6 and K + 4.5, mq l -1 ) and soluble anions (CO3 --0.0, HCO3 -8.8,
SO4
--6.9 and Cl -8.0 mql -1 ) at the 0-30 cm depth. The soil was air-dried and sieved to pass through a 2mm. Sieve.
The pot experiment was conducted in the greenhouse under controlled conditions (23 ± 5ºC and 65 ± 5 HR). Seeds of sugarbeet var., Helios were sown in 40 cm diameter clay pots. Each pot was filed with about 7 kg of the sterilized experimental soil in October. After germination and at fourth leaf stage, seedlings were thinned to one vigorous plant pot -1 one week later, plants were inoculated with freshly 2000 hatched juveniles (J 2 ) of root-knot nematode, Meloidogyne javanica. Several treatments were applied to control the M. javanica population as shown in Table (1) .
Each treatment level was replicated eight times. The experiment included 16 pots (8 pots inoculated with nematode only and 8 pots free of nematode or any treatment) as control, 48 pots of amino acids, 48 pots of organic acids and 24 pots of nematicide, oxamyl. All pots were arranged in a randomized pattern on a bench in a greenhouse. Pots were watered daily with tap water. The experiment lasted six months.
At the end of experimental period, the soil of each pot was well irrigated before removing the plant. Roots were washed in a gentle flow tap water. Fresh weights of leaves and roots were recorded (as growth parameters). However, the quality parameters in sugarbeet roots included sucrose percentage determined according to Le-Docte (1927), total soluble solids (TSS) percentage was measured using hand refractometer, juice purity percentage was determined as a ratio between sucrose and TSS % according to Carruther and Olfield (1961) and sugar weight plant -1 was calculated (root weight X sucrose %). Also, infested plant roots were examined for developmental stages after staining by lactic acid-fuchsin (Byrd et al., 1983) and recorded. Number of Meloidogyne javanica in soil was also determined by extracting through sieve and modified Baermann-pan technique (Goodey, 1957) and recorded. The nematode reproduction factor and reduction% were calculated. Data analysis statically using the least significant differences (Steel and Torrie, 1987).
Results
Two organic acids (ascorbic and salicylic acids) and two amino acids (L-arginine and L-glutamic acids) solution applied as soil drench in three levels (1000, 2000 and 4000 ppm) were tested for their effectiveness against root-knot nematode, Meloidogyne javanica infecting sugarbeet plant. Their effects on sugarbeet yield and its components and quality parameters were determined.
Effects of selected organic and amino acids on development and reproduction of root-knot nematode, Meloidogyne javanica infecting sugarbeet
The effect of ascorbic, salicylic, L-arganine and L-glumatic acids on development and reproduction of M. javanica root-knot nematode are summarized in Table ( 1) . The data indicate that the effect of the tested materials on reduction of M. javanica nematode parameters varied according to the chemical itself and concentration level used. All of treatments exhibited significant reduction in members of J 2 in soil pot -1 , immature stages and mature females root -1 system as well as final nematode population and reproduction factor compared to the check treatment. Remarkable differences in nematode suppression were noticeable among the tested concentration levels. Then, the reduction of nematode numbers and fecundity increased by increasing the concentration of each tested organic or amino acid. At a concentration level of 4000 ppm for all tested organic and amino acids, the reduction nematode population and fecundity were evident.
Among the tested materials, the ascorbic acid achieved a higher reduction in all nematode parameters at all concentration levels compared to the other tested materials and the check treatment. At the 4000 ppm concentration level, ascorbic acid yielded the highest reduction in all nematode parameters compared to the check treatment with 2498 J 2 pot -1 , 1663 and 280 ind. root -1 of immature stages and mature females, respectively. Salicylic acid achieved its highest results with 2730 J 2 pot -1 , 1653 and 290 ind. root -1 system of the immature stages and mature females, respectively. Inimical effects were also achieved by L-arginine acid followed by Lglutamic acid at their highest concentration level (4000 ppm) as shown Table (1).
The results presented in the same Table clearly revealed that the highest reduction in nematode final population, 74.6 % was achieved when using the nematicide, Oxamyl at its highest concentration level. Ascorbic acid, salicylic acid and L-arginine acid followed by L-glutamic acid caused reduction in final nematode population with 71.6, 68.0, 53.6 and 39.7%, respectively, at their highest concentration levels.
Nematode reproduction factor was significantly decreased by acid solution treatments at all concentration levels compared to the check. The highest reduction in nematode reproduction factor was achieved using the highest solution levels. The lowest reproduction factor value of M. javanica (1.9 fold) was achieved with the nematicide, oxamyl even at its highest levels, followed by ascorbic, salicylic Larginine and L-glutamic acids at their highest levels with an average of 2.1, 2.3, 3.4 and 4.4 fold, respectively at their highest concentration levels.
In short, the plants received the nematicide, Oxamyl and organic compounds, ascorbic acid treatments at their highest concentration levels achieved the highest reduction% of J 2 population in soil and final population number and lowest reproduction factor with values of 73.6, 74.6% and 1.9 fold for Oxamyl, and 76.3, 71.6% and 2.1 fold for ascorbic acid, respectively
Effects of selected organic and amino acids on growth and quality parameters of sugarbeet infecting by root-knot nematode, Meloidogyne javanica
Data of sugarbeet growth and quality parameters as influenced by amino and organic acids are shown in Table (2 and 3 ). The results in Table ( 2) shows positive relationship among all the organic and amino acid treatments and both plant leaves and root as well as sugar yields. It was observed that all treatment of concentration levels caused significant increase in weights of leaves, root and sugar when compared to the check treatment.
In case of leaves weight, a significant increase was observed in leaves weight especially at all application concentration levels of all the tested compounds. The maximum increments as compared to check treatment were achieved when using amino or organic acids at their highest concentration levels. The greatest leaves weight (228.82 g plant -1
) as compared to the check treatment (156.28 g plant -1 ) was achieved when using ascorbic acid at its highest level followed, by salicylic, L-arginine and finally L-glutamic acids at their highest levels with values of 226. 07, 197.77 and 192.97 g, plant -1 , respectively.
Regarding the root weight, proportional effects were observed among the tested materials concentration levels and the root weight. A positive correlation between root weight and amino or organic acid concentration levels was evident. The data on sugarbeet quality as influenced by amino or organic acid are shown in Table, (3). Generally, positive relations occurred between the compounds treatments, and quality parameters at all application. The greatest increases in sucrose, TSS and purity percentages were observed at the highest levels of all treatments compared to the check treatment. Based on sucrose percent, the most effective treatment was observed with ascorbic acid at maximal level, yielding a percent of 19.19%. This was followed by salicylic, L-arginine and L-glutamic acids at their maximum levels with values of 18.81, 18.0, and 17.77 %, respectively. Furthermore, at the highest levels of tested organic and amino acids, TSS and purity% were also increased compared to the check treatment. For instance, Ascorbic acid yielded 23.2 and 82.72 % in TSS and purity%, respectively followed by Salicylic, L-arginine and L-glutamine acids with values of 22.8, 22.05 and 22.0 in TSS, 82.50, 81.63, and 80 .77in purity%, respectively. While the comparable nematicide, Oxamyl achieved the highest increase even at the highest level with values of 18.72, 22.06 and 84.86%, in sucrose, TSS and purity, respectively. Significant differences were detected among the compounds treatments. Generally, in comparing between the amino and organic acid compounds, the second compounds were more effective than the first ones.
Finally, the nematicide, Oxamyl and organic acid, ascorbic at their highest concentration levels showed the best results in improving root and sugar yield plant -1 with values of (68.09 & 124.12%) and (65.73 & 126.51%), respectively. 
Discussion
With respect to the tested organic and amino acids under greenhouse conditions viz. ascorbic, salicylic, L-arganine and L-glutamic acids, they had a negative effect on the development and reproduction of Meloidogyne javanica on sugarbeet var. Helios. This was indicated by the lower population density of M. javanica juveniles in soil and root system, and other developmental stages as well as reproduction factor. This coincided with improvement in plant growth and quality of the treated pots and an increase in leaves, roots and sugar weights. These findings are in agreement with those of El- Sayed (1986) ; Al-Sayed and Thomason (1988); Osman (1993); Hassan (1999) and Nandi et al., (2002) who found that solutions of some organic and/or amino acids suppressed the numbers of second stage juveniles, females, egg-masses, root galls of M. incognita and M. javanica, root-knot nematode on other hosts. et al., (1979) suggested that ascorbic acid plays a key role in defense mechanism of plants to pathogens such as root-knot nematodes. The amount of ascorbic acid in susceptible tomato cultivars was reported to be lower than in resistance cultivars. A decrease in plant ascorbic acid content can reduce the resistance of tomato plants to nematode infection (Mellilo et al. 1983) . El- Sayed (1989) reported that ascorbic acid was more effective than L-arginine in reducing nematode, M. incognita on tomato plant. However, Osman (1993) found that L-arginine acid reduced nematode population and affected maturity and fecundity of M. javanica females in tomato roots.
Arrigoni
Also, the data revealed that salicylic acid was found to reduce the number of nematode second stage juveniles, other developmental stages and consequently lowering reproduction factor of M. javanica. These results are in agreement with those obtained by Hassan (1999) and Nandi et al. (2002) who reported that the application of salicylic acid significantly suppressed population of M. incognita and M. javanica on cowpea and cucumber plants. Salicylic acid is known to play a critical signaling role in the activation of plant defense responses after pathogen attack (Klessig et al., 2000) . The mode of action of salicylic acid i.e. enhance defense mechanisms in the plant tissue (Canet et al., 2010) In short, in comparing between the effects of nematicide, Oxamyl and ascorbic acid on development and reproduction factors as well as sugarbeet productivity (Tables, 1, 2 and 3) , the results v suggest that using of ascorbic acid (at 4000 ppm rate) could be recommended as instead of chemical nematicides to be a main nematode management approach, whether using as part of an integrated management program or as sole control component. 
